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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Muitiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft*/s) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 254 millimeter
mile (mi) 1.609 kilometer
pound (1b) 453.6 gram
pound per acre (Ib/acre) 1.121 kilogram per hectare
pound per square mile (Ib/mi?) 175.1 gram per square kilometer
square mile (mi2) 2.590 square kilometer

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by
the equations:

°C =5/9 (°F - 32)

°F = 9/5 (°C) + 32.
Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum
of 1929—a geodetic datum derived from a general adjustment of the first-order

level nets of the United States and Canada, formerly called Sea Level Datum of
1929.

Water year: A water year is a 12-month period, from October 1 through Septem-
ber 30, designated by the calendar year in which it ends. Years are water years in
this report unless otherwise stated.

Crop year: A crop year, as used in this report, is a 12-month period from April 1
through March 31, designated by the calendar year in which it begins.
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Concentrations and Transport of Atrazine in Surface
Water of the Delaware River-Perry Lake System,
Northeast Kansas, July 1992 Through September 1995

By Larry M. Pope, Lesley D. Brewer, Greg A. Foley, and Scott C. Morgan

Abstract

A study of the distribution and transport of
atrazine in surface water in the 1,117 square-mile
Delaware River Basin in northeast Kansas was
conducted from July 1992 through September
1995. The purpose of this report is to present
information to assess the present (1992-95) con-
ditions and possible future changes in the distri-
bution and magnitude of atrazine concentrations,
loads, and yields spatially, temporally, and in rela-
tion to hydrologic conditions and land-use
characteristics.

A network of 11 stream-monitoring and sam-
ple-collection sites was established within the
basin. Stream-water samples were collected dur-
ing a wide range of hydrologic conditions
throughout the study. Nearly 5,000 samples were
analyzed by enzyme-linked immunosorbent assay
(ELISA) for triazine herbicide concentrations.
Daily mean triazine herbicide concentrations
were calculated for all sampling sites and subse-
quently used to estimate daily mean atrazine con-
centrations with a linear-regression relation
between ELISA-derived triazine concentrations
and atrazine concentrations determined by gas
chromatography/mass spectrometry for 141 dual-
analyzed surface-water samples.

During May, June, and July, time-weighted,
daily mean atrazine concentrations in streams in
the Delaware River Basin commonly exceeded
the value of the 3.0-pg/L (micrograms per liter)
annual mean Maximum Contaminant Level

(MCL) established by the U.S. Environmental
Protection Agency for drinking-water supplies.
Time-weighted, daily mean concentrations equal
to or greater than 20 pg/L were not uncommon.
However, most time-weighted, daily mean con-
centrations were less than 1.0 pg/L from August
through April.

The largest time-weighted, monthly mean
atrazine concentrations occurred during May,
June, and July. Most monthly mean concentra-
tions between August and April were less than
0.50 pg/L. Large differences were documented in
monthly mean concentrations within the basin.
Sites receiving runoff from the northern and
northeastern parts of the Delaware River Basin
had the largest monthly and annual mean atrazine
concentrations.

Time-weighted, annual mean atrazine concen-
trations did not exceed the MCL in water from
any sampling site for either the 1993 or 1994 crop
years (April-March); however, concentrations
were larger during 1994 than during 1993. Time-
weighted, annual mean concentrations in water
from among the 11 sampling sites during the 1993
crop year ranged from 0.27 to 1.5 ug/L and from
0.36 to 2.8 pg/L during the 1994 crop year. Fur-
thermore, concentrations in samples from the out-
flow of Perry Lake were larger during the first
6 months of the 1995 crop year than during the
previous year.

Flow-weighted, annual mean atrazine concen-
trations were larger than time-weighted, annual
mean concentrations in water from all sampling
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sites upstream of Perry Lake, and samples from
several sites had concentrations that were sub-
stantially larger than the MCL. This difference
explained why time-weighted, annual mean con-
centrations in the outflow of Perry Lake were
larger than corresponding time-weighted concen-
trations in water from sampling sites upstream of
Perry Lake. Flow-weighted, annual mean concen-
trations in water from among the 11 sampling
sites during the 1993 crop year ranged from 1.0 to
4.4 ug/L and from 1.0 to 8.9 pug/L during the 1994
crop year.

Statistically significant linear-regression equa-
tions were identified relating the percentage of
subbasin in cropland to time- and flow-weighted,
average annual mean atrazine concentrations. The
relations indicate that time-weighted, average
annual mean atrazine concentrations may not
exceed the MCL in water from subbasins with at
least about 70-percent cropland. However, flow-
weighted, average annual mean atrazine concen-
trations may exceed the MCL when the percent-
age of cropland is greater than about 40 percent.

Approximately 90 percent of the annual atra-
zine load is transported from May through July.
Atrazine loads and yields were larger during the
1993 crop year than during the 1994 crop year
because of much greater runoff in 1993. Yields at
sampling sites upstream of Perry Lake ranged
from 2.4 to 17 Ib/mi® (pounds per square mile)
during the 1993 crop year and from 0.29 to
4.4 1b/mi? during the 1994 crop year. Loads and
yields were largest at sampling sites receiving
runoff from the northern and northeastern parts of
the Delaware River Basin. A statistically signifi-
cant linear-regression equation was identified
relating percentage of subbasin in cropland to
atrazine yields.

About 283,000 Ib (pounds) of atrazine are
applied each year in the Delaware River Basin.
Annual atrazine loads (5,200 and 2,000 1b), yields
(4.7 and 1.8 1b/mi?), and transport ratios (1.8 and
0.7 percent) were estimated for the entire Dela-
ware River Basin for the 1993 and 1994 crop
years, respectively. Differences between the 1993
and 1994 crop years are the result of differences

in rainfall amounds and subsequent runoff
volumes.

INTRODUCTION

Crop yields have increased during the last
40 years due in part to the use of herbicides in reduc-
ing weed growth and competition for moisture and
nutrients. However, concern on the part of water sup-
pliers, health officials, and the public also has
increased regarding the safe and effective use of
herbicides.

Since about 1960, atrazine has been used as a pre-
and post-emergent herbicide in the production of corn,
grain sorghum, sugar cane, pineapple, and certain
other plants and has become the most extensively
applied herbicide in the United States (U.S. Environ-
mental Protection Agency, 1989). Nonagricultural
uses include nonselective weed control around com-
mercial and industrial areas and along railroad rights-
of-way. About 95 percent of the atrazine applied in
the United States is used in corn and grain sorghum
production (CIBA-GEIGY Corporation, 1992). Atra-
zine is the most consistently detected herbicide in
Kansas surface-water samples. Eastern Kansas
streams and lakes show the most consistent patterns of
pesticide detection, which are probably related to land
use and runoff conditions (Butler and Arruda, 1985).

The widespread use of atrazine may pose a poten-
tial threat to public-water supplies in areas where it is
used intensively because of possible adverse effects on
human health and potential toxicity to aquatic life
(Hersh and Crumpton, 1987; Kettle and others, 1987,
Stay and others, 1989). In 1992, the U.S. Environmen-
tal Protection Agency (1992) established an annual
mean Maximum Contaminant Level (MCL) for atra-
zine of 3.0 pg/L (micrograms per liter) in finished
drinking-water supplies.

Because of concerns that some surface-water sup-
plies in northeast Kansas may exceed the MCL for
atrazine, the Kansas State Board of Agriculture (cur-
rently the Kansas Department of Agriculture) con-
ducted a series of hearings concerning the extent of
atrazine contamination. As a result of these hearings,
which indicated that long-term average concentrations
of atrazine in Perry Lake (a Federal reservoir located
at the downstream end of the Delaware River Basin,
fig. 1) may exceed the 3.0-pg/L MCL, the Nation’s
first inland surface-water Pesticide Management Area
(PMA) was established in the Delaware River Basin in
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Table 4. Number of samples from each sampling
site analyzed by enzyme-linked immunosorbent
assay for triazine concentrations from July 1992
through September 1995

Number of discrete
Sampling-site map- triazine
index number (fig. 4) determinations

1 511

2 469
3 571
4 500
5 533
6 487
7 460
8 451
9 349
10 378
11 211
Study total 4,920

a daily mean streamflow water-surface elevation as
described by Kennedy (1983). This method produces a
time-weighted, daily mean concentration. An example
of this calculation method is presented in table 5.

Total hours (time interval) associated with each
discrete concentration in table S are equal to one-half
the time since the previous concentration to one-half
the time to the next concentration. For the first concen-
tration, the time interval is from the beginning of the
day (0 hours) to one-half the time to the second con-
centration. For the last concentration, the time interval
is from one-half the time since the previous concentra-
tion to the end of the day (24 hours). The time-
weighted, mean concentration is equal to the summa-
tion of the products of concentration (C) multiplied by
the time interval (H) for each individual concentration
divided by total hours (24).

Time-weighted, daily mean triazine concentra-
tions for days of low streamflow were estimated on the
basis of previously collected single samples. Gener-
ally, linear interpolation between days with low-flow
samples was used to estimate time-weighted, daily
mean concentrations for the intervening days between
samples. This is considered to be an acceptable
method because triazine concentrations during low
flow vary little and generally show a continued and

steady decline. However, in cases where a low-flow
sample was not collected prior to storm runoff, the last
previously defined concentration was held constant
throughout the period preceding the runoff, or an esti-
mate of prerunoff concentration was made on the basis
of either initial runoff concentrations or judgement of
previously defined concentration and hydrologic
responses, followed by linear interpolation. Time-
weighted, daily mean triazine concentrations for sam-
pling sites 1-10 from July 1992 through March 1995
are presented in Pope and others (1996, tables 25-34),
and time-weighted, daily mean triazine concentrations
for sampling site 11 from July 1992 through Septem-
ber 1995 are presented in Pope and others (1996,
table 35).

Time-Weighted, Daily Mean Atrazine
Concentrations

The ELISA procedure, although very sensitive to
atrazine, may not be totally specific to atrazine. There-
fore, the daily mean triazine concentrations presented
in Pope and others (1996, tables 25-35) may reflect, in
part, other cross-reacting compounds with a chemical
structure similar to atrazine. Because the MCL for
atrazine is an annual mean and is based solely on the
concentration of atrazine, it is necessary to estimate
time-weighted, daily mean atrazine concentrations
from the ELISA-derived triazine concentrations. To do
this, 141 samples were analyzed by both ELISA to
determine a triazine concentration and GC/MS to
determine an atrazine concentration. Correlation and
linear-regression analyses were used to relate these
two procedurally derived concentrations. A plot of
these data is presented in figure 6.

Linear-regression analysis was used to define the
relation between ELISA-determined triazine concen-
trations and GC/MS-determined atrazine concentra-
tions. The procedure develops an equation useful for
estimating one variable from another and is in the
form:

Y = a+bx, n

where
Y is the predicted (estimated) concentration of
atrazine, in micrograms per liter, as com-
puted by equation 1;
a is the y-intercept value, a constant determined
by the regression analysis;

b is the slope of the regression line, a constant
determined by the regression analysis; and

Concentrations of Atrazine 13



Table 5. Example calculation of time-weighted,
daily mean triazine concentration for a day with
multiple samples

[--, no sample; pg/L, micrograms per liter]

Sampling site 1 (fig. 4)

May 31, 1993
Concen- Total
Hour tration hours
of day (C) (ng/L) (H) CxH

0 - - -
1 19 2.0 38
2 - - -
3 14 2.0 28
4 - — -
5 17 2.0 34
6 - - -
7 22 3.0 66
8 - - -
9 - - -
10 - - --
11 17 4.0 68
12 - -- --
13 - - --
14 - - -
15 10 5.0 50
16 - - --
17 -- - -
18 -- - --
19 -- -- --
20 -- - --
21 6.5 6.0 39
22 -- - --
23 -- - --
24 -- -- --

Sum 24.0 323

Time-weighted, mean concentration (ug/L)
= 323/24=13

x is the concentration of triazine, in micrograms
per liter, as determined by ELISA.

Initially, correlation and regression analyses were
conducted using all 141 data pairs (fig. 6). Results of
these analyses are given in table 6. Although the corre-
lation between the two analytical procedures is high
(0.967) and the probability that the relation exists only
by chance is extremely small (p-value = 1.36 x 108),

the slope coefficient of the ELISA value (independent
variable) is 0.728, which means that prior to the addi-
tion of the y-intercept value (0.207) the ELISA triaz-
ine concentration is reduced by 27 percent in
estimating GC/MS atrazine concentrations. For exam-
ple, using this relation, an ELISA value of 3.0 ng/L
would convert to an estimated atrazine concentration
of 2.4 ng/L [(0.728)(3.0)+0.207)]. There is a substan-
tial decrease from an ELISA triazine concentration to
a GC/MS atrazine concentration; therefore, further
regression analyses were performed to determine if
this large a decrease was indicative of the full range of
ELISA concentrations. The standard error of estimate
(SEE) presented in table 6 is equivalent to the standard
deviation of points about the regression line and, for a
normal distribution, two-thirds of the points should be
within one standard deviation above and below the
regression line (Riggs, 1968, p. 22)

An examination of the data plot in figure 6 indi-
cates that data scatter increases at concentrations
larger than about 5.0 ug/L. This scatter may have a
substantial effect on determining the regression
parameters. This observation was tested by splitting
the data set into two groups—one with ELISA concen-
trations less than 5.0 pg/L and the other with ELISA
concentrations greater than 5.0 pg/L. Correlation and
regression analyses were performed on both these data
groups. Results are presented in table 6.

The regression results in table 6 indicate that
ELISA triazine concentrations less than 5.0 ug/L
almost are a one-to-one estimator for atrazine concen-
trations based on a slope of 0.966. However, at very
small ELISA concentrations, the addition of the y-
intercept value (-0.083) may represent a large percent-
age change in the estimated atrazine concentration
compared to the corresponding ELISA concentration.
For example, an ELISA triazine concentration of
0.10 pg/L would estimate an atrazine concentration of
0.014 ng/L [(0.10)(0.966)-0.083]; an 86-percent
reduction from the ELISA concentration. However,
from the perspective of a monthly or annual mean con-
centration or load, this will be insignificant because at
other times of the month or year concentrations or
loads could be several orders of magnitude larger and,
thus, have a much greater effect on the calculated
mean or total load.

The regression analysis for the greater-than-
5.0-pg/L data group shows a slightly lower correlation
coefficient (0.914) and a much reduced slope (0.732)
when compared to the results of the less-than-5.0-pg/L
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Daily loads of atrazine (in pounds) were calcu-
lated by multiplying time-weighted, daily mean atra-
zine concentrations (in micrograms per liter) by daily
mean streamflow (in cubic feet per second) and by a
unit conversion factor of 0.00538. Estimation of time-
weighted, daily mean atrazine concentrations has been
discussed previously in this report. Daily mean
streamflow at all sampling sites are given in Pope and
others (1996, tables 14-24).

Monthly and Annual Atrazine Loads

Monthly and annual atrazine loads were calculated
by summing daily loads on a monthly or annual basis.
Monthly loads for August 1992 through March 1995
and annual loads for the 1993 and 1994 crop years at
11 sampling sites in the Delaware River Basin are
given in table 11.

Atrazine loads are directly related to atrazine con-
centration and streamflow volume, which means that
as concentration and(or) streamflow increase, atrazine
loads increase. Monthly or annual variation in either
concentration or streamflow will produce variations in
atrazine loads. As previously shown (fig. 8), large con-
centrations and periods of large streamflow generally
occur concurrently in northeast Kansas and usually are
most pronounced immediately after atrazine applica-
tion (May-July). As a result, atrazine loads in streams
in the Delaware River Basin are typically largest in
May, June, and July. For example, figure 14 shows the
monthly atrazine load distribution at sampling site 4
for the 1993 and 1994 crop years. Monthly load distri-
bution is highly skewed and temporally restricted to
the May through July period on nonregulated streams
in northeast Kansas. During this period, which repre-
sents 25 percent of the year, 98 percent of the 1993
crop-year annual load was transported, and 91 percent
was transported during the same 3 months of the 1994
crop year.

Extreme between-year variations in atrazine loads
may occur as a direct result of hydrologic conditions.
Figure 14 shows substantial differences in loads
between the 1993 and 1994 crop years. These differ-
ences reflect the effects of an unusually wet year in
1993 followed by a relatively dry year in 1994 as indi-
cated by deviations from long-term means in monthly
streamflow (fig. 2). The most pronounced single
monthly loading difference between the 1993 and
1994 crop years occurred in July (fig. 14). The atrazine
load in July 1993 was more than seven times larger

than the July 1994 load and is the result of major
flooding during July 1993 (figs. 2 and 8).

The monthly atrazine load distribution patterns at
the outflow of Perry Lake (sampling site 11, fig. 15)
are similar to the pattern at sampling site 4 (fig. 14);
however, because the outflow of Perry Lake is com-
pletely regulated, loads may be more temporally
delayed and somewhat more distributed throughout
the year relative to nonregulated upstream sites. Atra-
zine loads for the 1993 crop year were largest in July
at sampling site 4 but were largest for August at the
outflow of Perry Lake. This difference is due to tem-
porary storage of floodwater in the lake during July
1993 and subsequent release of that water in August
(fig. 9). Atrazine load transport for May through July
equalled 33 percent of the 1993 crop-year load and
63 percent of the 1994 crop-year load. These outflow
loads contrast to 98 and 91 percent of annual loads,
respectively, during May through July at sampling
site 4.

Skewed, nonrandom distribution of atrazine loads
at sampling sites in the Delaware River Basin provide
insight into the possible design of sampling programs
to monitor loads of agricultural chemicals. The quanti-
fication of loads of chemicals in relation to annual
application periods requires that monitoring be con-
ducted continually from the time of application
through at least July. This should, in most years,
ensure an accurate quantification of about 90 percent
of the annual load. A monitoring program designed
with a limited number of randomly placed samples
may not ensure definition during those few flow peri-
ods when most of the annual load is transported and
may produce results biased extremely high or low
depending on when the samples were collected. This
becomes more obvious when daily load distribution is
examined.

Distribution of daily atrazine loads in Delaware
River near Muscotah, Kansas (sampling site 4), is
shown in figure 16. Most of the annual transport of
atrazine, as previously shown, occurs from May
through July, the period immediately following appli-
cation. Furthermore, a large percentage of the atrazine
transported during these months can occur during just
a few days. For example, at sampling site 4, the seven
largest daily loads in each of the 1993 and 1994 crop
years accounted for 45 percent and 67 percent,
respectively, of the annual loads. Additionally, short
time periods at some of the smaller tributary sites
account for even larger percentages of the annual load.
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Table 11. Calculated monthly atrazine loads, in pounds and percentage of annual load, for August 1992
through March 1995 and calculated annual loads for the 1993 and 1994 crop years at 11 sampling

sites in the Delaware River Basin

Sampling site (fig. 4)

3
Load Load Load Load
(percent (percent (percent (?ercent
Load of annual Load of annual Load of annual Load of annual
Date (pounds) load) {pounds) load) (pounds) load) (pounds) load)
1992
Aug. 14 - 29 - 15 - 38 -
Sep. 20 - 13 - 41 - 110 -
Oct. 61 - 25 - 1.3 - 33 -
Nov. 22 -- 8.5 - 26 - 77 -
Dec. 18 - 53 - 15 -- 54 -
1993
Jan. 1.4 - 26 - 2.3 - 4.6 -
Feb. 6.7 - 19 - 6.4 - 22 -
Mar. 31 - 10 - 239 - 70 -
Apr. 37 1.5 6.2 0.76 22 1.5 71 1.6
May 280 12 42 5.1 240 16 880 20
June 500 21 240 29 40 2.7 750 17
July 1,600 67 530 65 1,200 80 2,700 61
Aug. 53 22 40 .049 1.1 073 8.7 20
Sep. 9.9 41 1.6 20 4.0 27 22 .50
Oct. 1.7 071 27 033 .90 .060 3.8 086
Nov. .84 .035 11 013 .83 055 2.0 045
Dec. 1.0 042 20 024 14 093 5.1 12
1994
Jan. 22 009 .055 007 57 .038 1.3 .030
Feb. 11 .005 .035 004 42 .028 5 017
Mar. 12 .050 .32 039 13 .087 2.6 .059
Apr. 33 12 5.8 6.4 8 5.0 69 6.3
May 95 34 54 59 180 50 490 45
June 14 5.0 1.4 15 120 33 140 13
Tuly 120 43 24 26 33 9.2 360 33
Aug. 79 28 .30 33 29 .081 29 26
Sep. 21 .075 065 071 12 .033 .53 048
Oct. 12 43 18 2.0 33 .092 12 1.1
Nov. 41 .15 28 31 13 .36 1.6 15
Dec. 94 34 52 57 17 47 23 21
1995
Jan. 45 .16 12 13 1.5 A2 1.5 14
Feb. 18 064 .023 025 .50 .14 62 .056
Mar. 5.8 2.1 23 25 5.4 1.5 16 1.5
1993 crop 2,400 102 820 100 1,500 101 4,400 101
year
1994 crop 280 101 91 99 360 100 1,100 101
yearl
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Table 11. Calculated monthly atrazine loads, in pounds and percentage of annual load, for August 1992 through
March 1995 and calculated annual loads for the 1993 and 1994 crop years at 11 sampling sites in the Delaware

River Basin—Continued

Sampling site (fig. 4)

8
Load Load Load Load
(percent {percent {percent (percent
Load of annual Load of annual Load of annual Load of annual
Date {pounds) load) (pounds) load) (pounds) load) (pounds) load)
1992
Aug. 1.1 -- 0.69 -- 1.8 -- 0.21 --
Sep. 20 -- 5.0 -- 36 -- 1.6 --
Oct. 95 - 33 -- 13 - 12 -
Nov. 14 - 7.0 - 4.7 - 1.9 -
Dec. 52 - 32 - 26 - 96 -
1993
Jan. 23 - 26 - 41 - 065 -
Feb. 24 - 64 - 61 - .58 -
Mar. ‘11 - 28 - 3.1 - 34 -
Apr. 8.0 0.90 29 0.88 36 1.3 1.1 0.50
May 240 27 120 36 70 25 54 25
June 120 13 64 19 12 43 23 10
July 520 58 140 42 180 64 140 64
Aug. 13 015 34 .10 87 31 .10 045
Sep. 40 45 6.1 1.8 84 3.0 1.3 .59
Oct. .14 016 .18 .055 33 12 .033 015
Nov. .14 016 086 026 30 11 042 019
Dec. 42 047 .16 .048 .60 21 .034 015
1994
Jan. 048 .005 035 o1 .10 036 019 .009
Feb. 036 .004 031 .009 033 012 015 .007
Mar. 13 015 .10 .030 073 026 028 013
Apr. 14 6.1 17 5.9 11 9.2 47 7.6
May 140 61 73 56 24 20 43 6.9
June 18 7.8 34 26 13 11 35 56
Tuly 56 24 15 12 70 58 16 26
Aug. .10 043 47 36 36 30 23 37
Sep. 051 022 069 .053 .18 15 .066 11
Oct. 12 052 .040 .031 .14 .12 .007 011
Nov. .14 061 098 075 20 17 .020 .032
Dec. .19 .083 054 .041 070 .058 23 37
1995
Jan. 021 .009 071 .055 027 022 057 092
Feb. 016 .007 017 013 030 025 044 071
Mar. 28 12 2.50 19 58 48 12 1.9
1993 crop 890 99 330 100 280 98 220 100
year
1994 crop 230 100 130 102 120 100 62 99
year
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Table 11. Calculated monthly atrazine loads, in pounds and percentage of annual load,
for August 1992 through March 1995 and calculated annual loads for the 1993 and
1994 crop years at 11 sampling sites in the Delaware River Basin—Continued

Sampling site (fig. 4)

9 10 1
Load Load Load
(percent (percent (percent
Load of annual Load of annual Load of annual
Date (pounds) load) (pounds) load) (pounds) load)
1992
Aug. 0.23 - 0.58 - 730 -
Sep. 1.2 - .28 -- 320 --
Oct. 012 - .097 - 11 -
Nov. 17 - 79 - 530 -
Dec. 12 - 8.1 - 910 -
1993
Jan. 13 - 2.1 - 85 -
Feb. .16 - 14 - 140 -
Mar. 1.2 - 2.0 - 120 -
Apr. 14 1.7 49 2.6 280 5.5
May 2.9 35 30 16 1,000 20
TJune 84 10 19 10 270 53
Tuly 63 77 120 63 420 8.2
Aug. 23 28 1.7 .89 2,400 47
Sep. 5.7 7.0 9.4 49 51 1.0
Oct. 34 41 64 34 520 10
Nov. .094 11 18 .095 31 61
Dec. 012 015 16 .084 73 14
1994
Jan. 007 009 055 029 33 65
Feb. .006 .007 026 014 22 43
Mar. .009 011 097 051 35 69
Apr. 1.3 21 37 67 53 .56
May .56 9.0 12 22 130 14
June 35 56 15 2.7 210 22
July 70 11 4.1 75 260 27
Aug. 049 a7 006 011 17 1.8
Sep. .000 .000 .005 .009 13 14
Oct. .000 .000 010 018 15 1.6
Nov. 015 24 071 13 13 14
Dec. .040 .64 057 .10 26 2.7
1995
Jan. .002 032 .19 35 26 2.7
Feb. .003 .048 042 076 49 52
Mar. 016 26 088 .16 190 20
l993lcrop 82 100 190 98 5,100 101
year
1994 crop 6.2 99 55 100 950 100
year

!Because of rounding, the annual summation of percentages may not equal 100.
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U.S. Environmental Protection Agency, the Kansas
State Board of Agriculture (currently the Kansas
Department of Agriculture) conducted a series of hear-
ings concerning the extent of atrazine contamination
in northeast Kansas. On the basis of available informa-
tion which indicated that long-term mean concentra-
tions of atrazine in Perry Lake may exceed the
3.0-pg/L MCL, the Nation’s first inland surface-water
Pesticide Management Area (PMA) was established in
the Delaware River Basin.

A study of the distribution and transport of atra-
zine in the 1,117 mi? Delaware River Basin was con-
ducted by the U.S. Geological Survey in cooperation
with the Kansas State Conservation Commission,
Kansas State University, and the Kansas Department
of Agriculture. Data and results from this study will be
used by State and Federal conservation, regulatory,
research, and information agencies to: (1) evaluate the
perception of a long-term atrazine problem, (2) iden-
tify areas where producer-oriented educational activi-
ties may be required, (3) evaluate the effectiveness of
selected land-management and agricultural practices,
and (4) improve the understanding of herbicide trans-
port in areas of similar agriculture and hydrology. The
purpose of this report is to present the information
necessary to assess the present and possible future
changes in the distribution and magnitude of atrazine
concentrations, loads, and yields spatially, temporally,
and in relation to hydrologic conditions and land-use
characteristics.

The Delaware River Basin is an 1,117-mi? area
located in northeast Kansas. A prominent hydrologic
feature of the basin is Perry Lake. Perry Lake is a Fed-
eral reservoir with a multipurpose-pool surface area of
11,150 acres and is used for water supply, flood con-
trol, and recreational activities. Agriculture accounts
for about 85 percent of the land use within the basin,
with about 40 percent in crops such as corn, grain sor-
ghum, soybeans, and wheat.

This study, conducted between July 1992 and Sep-
tember 1995, used 11 sampling sites instrumented to
record stream stage and to automatically collect
stream samples during runoff. These samples were
analyzed by enzyme-linked immunosorbent assay
(ELISA) for triazine concentrations and subsequently
time-weighted to produce daily mean values. Esti-
mates of daily mean atrazine concentrations were cal-
culated from linear-regression relations between
ELISA-derived triazine concentrations and atrazine
concentrations determined by gas chromatography/

mass spectrometry (GC/MS). These relations were
based on dual analyses of 141 surface-water samples.
Analytical quality assurance included duplicate analy-
ses of selected stream-water samples, analysis of atra-
zine standard-reference samples, and analysis of
blank-water samples.

Daily mean atrazine concentrations in samples
from streams in the Delaware River Basin commonly
exceeded the 3.0-pg/L MCL during May, June, and
July. Daily mean concentrations equal to or greater
than 20 png/L were not uncommon during this period.
However, daily mean concentrations greater than the
MCL were rare at other times of the year. Most daily
mean concentrations were less than 1.0 pg/L from
August through April. Daily mean atrazine concentra-
tions in water from Perry Lake were largely affected
by the timing and magnitude of inflow.

The largest time-weighted, monthly mean atrazine
concentrations in water from the sampling sites
upstream of Perry Lake occurred during May, June,
and July. In water from most sampling sites, the larg-
est monthly concentrations occurred during June of
both the 1993 and 1994 crop years. August through
April rarely had monthly mean concentrations greater
than 1.0 pg/L, with most months substantially less
than 0.50 pg/L. The largest monthly mean concentra-
tions were in water from sites receiving runoff from
the northern and northeastern parts of the Delaware
River Basin. For example, monthly mean concentra-
tions in water from Grasshopper Creek near Musco-
tah, Kansas, for June 1993 and 1994 were 5.8 and
11 pg/L, respectively. Corresponding monthly mean
concentrations in water from Cedar Creek west of Val-
ley Falls, Kansas, were 1.5 and 2.7 ng/L, respectively.
Most monthly mean atrazine concentrations in water
from all sites were larger in 1994 than in 1993.

Time-weighted, monthly mean atrazine concentra-
tions in samples from the outflow of Perry Lake
showed a somewhat similar seasonal fluctuation pat-
tern to those samples from the 10 upstream sampling
sites although larger concentrations were more persis-
tent. For example, during 1994, monthly mean con-
centrations peaked at 3.3 pg/L in August and did not
decrease to less than 3.0 ug/L until February 1995.

Time-weighted, annual mean atrazine concentra-
tions did not exceed the 3.0-pg/L MCL in water from
any sampling site for either the 1993 or 1994 crop
years; however, concentrations were larger in 1994
than in 1993. Time-weighted, annual mean concentra-
tions in water from the 11 sampling sites during the
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1993 crop year ranged from 0.27 to 1.5 pg/L and dur-
ing the 1994 crop year from 0.36 to 2.8 pg/L. Concen-
trations in water from the outflow of Perry Lake were
larger during the first 6 months of the 1995 crop year
than during the same period in 1994. By August 1995,
concentrations were greater than 5.0 ng/L.. The 1995
crop-year annual mean concentration in water from
the outflow of Perry Lake may exceed the MCL unless
substantial inflow to the lake dilutes existing concen-
trations. The largest time-weighted, annual mean atra-
zine concentrations were in water from sampling sites
receiving runoff from the northern and northeastern
parts of the Delaware River Basin.

At all sampling sites, except the outflow of Perry
Lake, flow-weighted, annual mean atrazine concentra-
tions were considerably larger than time-weighted,
annual mean concentrations, and at several upstream
sites, the flow-weighted, average annual mean concen-
tration substantially exceeded the MCL. Flow-
weighted, annual mean concentrations among the
11 sampling sites during the 1993 crop year ranged
from 1.0 to 4.4 ng/L and during the 1994 crop year
from 1.0 to 8.9 ng/L.

Statistically significant linear-regression relations
(correlation coefficient of 0.837 or better) were identi-
fied relating percentage of subbasin in cropland to
time- and flow-weighted, average annual mean atra-
zine concentrations. The relations indicate that time-
weighted, average annual mean atrazine concentra-
tions may not exceed the MCL in subbasins with at
least about 70-percent cropland. However, flow-
weighted, average annual mean atrazine concentra-
tions may exceed the MCL when the percentage of
cropland is greater than about 40 percent of the subba-
sin.

Atrazine loads in streams in the Delaware River
Basin typically are largest in May, June, and July.
Approximately 90 percent or more of the annual load
of atrazine is transported during these 3 months.
Annual loads in 1993 were several times larger than
loads in 1994 due in large part to a considerably wetter
year in 1993, which produced more runoff and associ-
ated transport of atrazine.

Atrazine yields were larger during the 1993 crop
year than during the 1994 crop year. Yields at the sam-
pling sites upstream of Perry Lake during the 1993
crop year ranged from 2.4 to 17 1b/mi? and during the
1994 crop year from 0.29 to 4.4 1b/miZ. Yields were
largest at sampling sites receiving runoff from the
northern and northeastern parts of the Delaware River

Basin. A statistically significant linear-regression rela-
tion (correlation coefficient of 0.957) was identified
relating percentage of subbasin in cropland to atrazine
yields.

It was estimated that 283,000 Ib of atrazine were
applied in the Delaware River Basin during each of the
1993 and 1994 crop years. Annual atrazine loads,
yields, and transport ratios for the entire Delaware
River Basin were estimated for the 1993 and 1994
crop years. Atrazine loads were 5,200 and 2,000 Ib,
yields were 4.7 and 1.8 Ib/mi?, and transport ratios
were 1.8 and 0.7 percent of atrazine applied in the
basin, respectively. Differences between the 1993 and
1994 crop years are the result of differences in rainfall
amounts and subsequent runoff volumes.
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